Suspension C ulture, Selection of Strains, A dsorbent, Secondary Substances Cells and cell aggregates from suspension cultures are plated onto selection plates, consisting of: 1. A layer of nutrient medium solidified with agar 2. A filter paper coated on the upper side with activated charcoal (A C ) as an adsorbent 3. covered by a sheet of cellophane as cell carrier.
Many plant species synthetize secondary sub stances which are used by man as drugs, perfum e and arom a base or insecticide. Rapidly growing cell cultures of the same species usually do not produce these typical secondary substances or if they do, only in trace amounts. An economically profitable pro duction via liquid culture is a rare exception [1, 2] , Therefore experim ental efforts to increase the sec ondary substance production have been m ade in different ways: 1) by empirical design of culture media favorable for substance production [2] [3] [4] ; 2) by the addition of solid or liquid accumulation phases [5, 6] ; 3) by the isolation of cell m utants or variants with constitutive secondary substance synthesis. The third procedure requires m ethods for cell m u tation and selection. W hereas methods to produce m utants are published in great num bers [e.g. 7] the successful selection of high producing m utants has rem ained problematic except in the case of coloured com pounds like e.g. anthocyanins [8] .
Usually colorless products can be detected in the medium or cells only after scaling up the cultures, a time and labour consuming process. The radioimmun-assay (R IA ) proposed as a general selection m ethod is complicated, expensive and not always suitable [9] .
H ere we describe a m ethod which makes it possi ble to select production m utants or variants among great num bers of small cell aggregates (> 1 mm2) by detecting products released from the living cells to the culture medium.
The principle is to accumulate those substances produced by different cell aggregates into a thin layer of an adsorbent. A fter a suitable time the accumu lated secondary substances are eluted from the ad sorbent to a white filter paper carrying the adsorbent and detected there by means of UV or staining m ethods.
M aterial and Methods

Cell culture
A suspension culture of N icotiana tabacum L. was cultured in MS-medium with 1 mg*l_1 N A A and 0.03 mg*l_1 kinetin and transferred weekly [10] . A crown-gall suspension culture of Matricaria cham om illa L. was subcultured weekly into hor m one-free MS-medium [5] . ----1.2 g A C suspended in a solution of 100 mg cel lulose nitrate (e.g. mem brane filter material from Sartorius, G öttingen, Germ any) in 20 ml acetone; ----1 g A C suspended in 4 ml prewarm ed agar solu tion (1.5-2.5% ).
A bout 2 ml of this AC-suspension was pipetted onto the filter paper and distributed uniformly over the surface by means of a glass rod. Then the filter was dried.
A dsorbent filters prepared in one of these ways were autoclaved and placed on the culture sub strates.
-cell carrier foil: cellophane (Einm ach-Cellophan, Kalle, W iesbaden, Germany) 20 ^im thick and with 7 cm diam eter was autoclaved in MS-medium and placed on the adsorbent filter [11] , A ir bubbles were rem oved.
Plating
Cell suspensions were left standing for half an hour and the resulting sediment was partially trans ferred to adsorbent filter plates and distributed over the cellophane by means of a Drigalsky spatula. Dishes were closed with Parafilm and incubated in near darkness at 27 °C.
D etection o f secondary substance production
A fter the incubation the cell carrier foil and the adsorbent filter below were cut simultaneously at their margins to mark their relative position to each other. The cell carrier foil together with the cell aggregates was then transferred to another dish with MS-medium for further culture.
The adsorbent filter was dried and stretched in a metal frame. While the lower white side of the filter was blown with warm air from a hair dryer the upper side with the AC was sprayed with a mixture of ethanol/ K O H (4+1) several times [6] . This m ethod generates a solvent stream from the upper to the lower side of the adsorbent filter eluting secondary substances from the AC and carrying them to the white back. This procedure is referred to as "de velopm ent" . Secondary substances can be detected on paper by means of their UV-fluorescence (365 nm).
Resolving p o w e r
A solution of umbelliferone (100 mg*l_1) in water was applied to the AC-layer of an adsorbent filter as dots using a drawing pen (Standardgraph 55S, outer diam eter 0.7 mm). The filter was dried and the um belliferone moved to the white side of the filter as described above.
Results and Discussion
M odel experiment:
Im m ediately after punctiform application of um belliferone onto the AC-layer of an adsorbent filter no fluorescence could be detected on its back under U V , not even after developm ent with water. This means that umbelliferone is completely adsorbed to the AC. D evelopm ent with ethanol/K O H however moves the fluorescent dye to the paper and it can be detected by U V (Fig. 1) .
A comparison between the diam eters of the draw ing pen used (0.7 mm) and the fluorescing spots (0.8-1.2 mm) on the white side of the adsorbent filter shows the very limited lateral diffusion of umbelliferone during developm ent. The "headlighteffect" (broadening of the substance-"beam ") am ounts to about 0.5 mm at maximum and is inde pendent of the spot diam eter. As a consequence larger dots are portrayed more precisely. In this Cells of two different suspension cultures, one a normal culture of N icotiana tabacum, the other a crown-gall culture of M atricaria cham om illa, were plated onto adsorbent filter plates either separately or together.
A fter 2 -7 days of incubation the cells were re moved and the filters developed with ethanol/ KOH. As a main com ponent Matricaria cham om illa pro duces the yellow fluoresceing coniferyl aldehyde [6] ; cells of N icotiana tabacum produce a light blue fluoresceing substance which has been identified as scopoletine by behaviour during purification, thin layer chrom atography in four different systems, ab sorbance and fluorescence spectra [12] [13] [14] .
If a com bination of aggregates of these two cul tures is plated for some days the developed filters show yellow and blue spots on their lower side. The pattern of these spots is a precise m irror image of the cell aggregate pattern on the cellophane so that the origin of each spot can be traced back to correspond ing cells. This makes it possible to select tobacco cells from those of M atricaria and vice versa (Fig. 2) .
In accordance with the m odel experim ent with um belliferone (see above) cell aggregates of 1.5 mm diam eter produce spots of less than 2.5 mm and 3.5 mm aggregates produce spots of about 4 mm diameter.
With cellophane as a cell carrier aggregates larger than 2 mm diam eter tend to dry up within 1 week but this is no serious obstacle since selection is mostly desired on the level of aggregates as small as pos sible.
The most im portant advantages of this m ethod are: -Production of secondary substances by small cell aggregates can be detected without preceding mass propagation of the cultures; -Total production of each cell aggregate during the incubation period is collected on the adsorbent and detected at the same time (amplification); -Test plates are identical with culture plates during the test phase; -D etection m ethods can be widely varied (fluores cence, colour, specific reagents of paper and thin layer chrom atography). An intelligent choice of adsorbents and procedures of developm ent should adapt this m ethod to many questions of secondary substance production. Such adaptation experim ents have been started. The black-and-white photo does not discriminate blue and yellow fluorescences.
